The Limulus amoebocyte lysate (LAL) test was evaluated for rapid detection of gram-negative bacteriuria in an adult patient population. Time to gelation of a standard LAL preparation was used as a measure of significant (>10W bacteria per ml) gram-negative bacteriuria, and the results of 19Q LAL assays were compared with quantitative urine cultures. Initially, 33 of 36 urine specimens containing >105 gram-negative bacteria per ml were detected by LAL assay. The three false-negative LAL tests were the result of urine pH levels below the pH minimum for LAL gelation; neutralization of these urine specimens resulted in positive LAL assays and 100% correlation with culture results. Ail 36 bacteriuric urine specimens were LAL positive within 15 min, with the majority of assays (86.1%) being positive after only 10 min of incubation at 37°C. These data compared favorably with gelation times of 15 min when 1 x 105 to 2 x 105 gramnegative bacteria per ml were added to sterile urine. Two urine samples obtained from male patients with culture-proven gonococcal urethritis yielded positive LAL assays. The LAL assay was shown to correctly differentiate 96.2% of urine specimens as containing <105 or >105 gram-negative bacteria per mI. The results of this study have shown that the LAL test can be used as a rapid, simple, and reliable screening procedure for the diagnosis of clinically significant gram-negative bacteriuria.
Aqueous extracts of Limulus polyphemus (horseshoe crab) amoebocytes, known as Limulus amoebocyte lysate (LAL), gel in the presence of minute amounts of bacterial endotoxin (9) , a property which has found wide application as a potentially useful tool for detection of gram negative infection in various body fluids and for pyrogen testing by the pharmaceutical industry (15) . Initially, the diagnostic usefulness of the LAL assay was shown for detection of gramnegative sepsis (10) , an application which has been the subject of numerous conflicting reports. The most successful diagnostic use of the LAL test has been for detection of gram-negative bacterial meningitis, first reported by Nachum et al. (11) and later confirmed by other investigators (5, 14) . Rapid detection of clinically significant gram-negative bacteriuria has also been described (3, 4) , and a reliable and simple method for detection of gonococcal urethritis by LAL assay has been reported (12, 13, 16) . Kass (16) has defined clinically significant bacteriuria as urine containing more than lOs5 bacteria per ml. Processing of urine specimens by conventional bacteriological methods requires a minimum of 18 to 24 h before quantitative results are available. This lengthy turnaround time and the lack of facilities for urine culture in the offices of many physicians and outpatient clinics argue for the availability of a rapid, simple, and reliable screening test that would provide the clinician with a useful alternative to more conventional modes for detection of clinically significant bacteriuria. Jorgensen and co-workers (3, 4) have described one such method in which patient urine is diluted, reacted with LAL, and incubated for 1 to 2 h. This assay showed a high degree of correlation between a positive LAL test and clinically significant bacteriuria.
The present investigation was undertaken to determine whether time to gelation of a standard LAL preparation could be used as a reliable method for detection of gram-negative bacteri- correctly classify gram-negative bacteriuria are shown in Table 3 . The LAL test detected 100% of all specimens containing >105 gram-negative bacteria per ml (after pH neutralization of the three false-negative assays) and correctly differentiated 96.2% of all specimens containing gramnegative bacteria as containing >105 or <105 bacteria per ml. DISCUSSION The LAL test has previously been shown by Jorgensen and co-workers (3, 4) to be a useful diagnostic tool for detection of gram-negative bacteriuria. These investigators reported that a positive LAL test obtained after a 60-min incubation of urine diluted 1:100 or 1:1,000 correlated with quantitative urine cultures of >105 gramnegative bacteria per ml. Findings described in this investigation further confirm the usefulness of the LAL test for detection of clinically significant bacteriuria and, furthermore, show that it is possible to diagnose gram-negative bacteriuria rapidly by taking advantage of the relationship between gelation rate and endotoxin concentration. Increasing concentrations of endotoxin have been shown to increase the rate at which (2, 9) .
Results obtained in this study have shown that the LAL assay can detect gram-negative bacteriuria in undiluted urine within a 15-min incubation time, with the majority of assays being positive after 10 min of incubation. Three false-negative LAL tests were observed, all of which were shown to be a result of urine being below the pH minimum of the LAL test (17) . Neutralization of the urine specimens resulted in positive LAL assays and 100% correlation with culture results. Culture-negative urine (on MacConkey agar and on blood agar) obtained from two male patients with culture-proven gonococcal urethritis yielded positive LAL assays, suggesting either the presence of large numbers of gonococci in the urine, the release of a considerable amount of cell-free endotoxin, or the entry of gonococci into the urine during urination. Four urine samples containing between 5 x 104 and <105 gram-negative bacteria per ml were LAL positive, a finding not inconsistent with data reported by Jorgensen and Jones (4) .
Preliminary data have demonstrated that patient urine specimens containing >105 gram-negative bacteria per ml can be diluted and still yield a positive LAL assay within the 15-min incubation time; however, dilution of urine specimens to which >105 gram-negative CFU/ml had been added resulted in gelation times beyond the 15-min incubation period. These data suggest that a considerable amount of free endotoxin is liberated into the urine during active infection. Sullivan et al. (17) have shown that cell-free endotoxin accumulates in growth medium during log-phase growth. This observation suggests that dilution of patient urine specimens could be made without loss of the diagnostic value of the 15-min time for a positive LAL assay. Furthermore, the use of an endotoxin-free buffer diluent, to neutralize urine samples not within the pH limits of the LAL test, would obviate the false-negative reactions described in this report.
This investigation has shown that the LAL test is a reliable, simple, and rapid assay for the diagnosis of clinically significant gram-negative bacteriuria. Its potential usefulness as a screening procedure, as described in this report, is evident for the following reasons: (i) microbiological analysis for bacteriuria constitutes a large part of the work load in clinical microbiology laboratories and in outpatient clinics; (ii) a large majority of cases of bacteriuria are of gramnegative etiology; (iii) the assay has a high degree of specificity and sensitivity; (iv) results can be rapidly obtained, a critical factor for an effective screening test; and (v) the assay is easily performed by nursing or laboratory personnel and has an easily read and interpreted endpoint (i.e., gelation versus no gelation), although the amorphous character of the clot and its somewhat fragile nature require that some care be exercised to avoid inadvertent dissolution of the clot when the reaction tube is inverted 1800.
The major deficiency of the LAL test is its inability to detect bacteriuria caused by grampositive bacteria and yeasts; however, the majority of bacteriuria cases are of gram-negative etiology, with bacteriuria of gram-positive etiology constituting only a small percentage of cases of this clinical disease (1, 7) . Also, the presence of polymicrobial infection with gram-negative bacteria or with gram-negative and gram-positive bacteria cannot be ascertained with the LAL assay.
The LAL test is not intended to replace more conventional methodologies but to provide clinicians and laboratories with a useful test for rapid, reliable, and cost-effective urine screening for gram-negative bacteriuria.
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